Importance: Surgical site infection following stoma reversal (SR) poses a substantial burden to the patient and health care system. Its overall incidence is likely underreported and poorly characterized. Improving our understanding of surgical site infection following stoma reversal may help us identify methods to decrease this complication.
is common following SR and is associated with significant morbidity. Four factors are strongly associated with increased risk of SSI in SR: history of fascial dehiscence, thicker subcutaneous fat, colostomy, and white race. Patients with none of these risk factors had a 0% SSI risk; patients with all 4 risk factors had a 100% risk of SSI.
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C
REATION OF A TEMPORARY
ostomy is a common surgical technique used to divert stool from a highrisk anastomosis or distal disease. Stoma reversal (SR) is often considered by many surgeons to be a low morbidity operation. However, SR is associated with anastomotic leak, hernia formation, surgical site infections (SSIs), and nonsurgical complications, such as pneumonia, deep venous thrombosis, and urinary tract infection.
1,2 Surgical site infection is the most common complication associated with SR, and the reported incidence of SSI varies widely, from 2% to 40%. 3, 4 The direct economic costs of SSI are considerable, usually being approximately twice the inpatient costs for a patient without SSI. 5 It has been reported 6 that a single occurrence of SSI places a cost of $25 000 on the health care system. Home health care expenses after discharge also may be high, at $6200 per patient in one study 5 for infections after bowel surgery.
Despite the fact that SR is often performed, there is little in the surgical literature on morbidity, including the incidence of SSI, following SR. In our study, we evaluated the incidence of incisional SSI after SR at a single institution. Clinical outcomes, risk factors, and patient quality-of-life outcomes were also investigated.
METHODS
STUDY POPULATION
We reviewed the medical records of all patients undergoing ileostomy or colostomy reversal at the Michael E. DeBakey Veterans Affairs Medi-cal Center, Houston, Texas, from January 2005 to February 2011. Approval for the review was obtained through the Baylor College of Medicine Institutional Review Board and the Michael E. DeBakey Research and Development Committee. Mechanical bowel preparation and oral antibiotics were not used in any patients, and all patients had received standardized intravenous prophylactic preoperative antibiotics (ertapenem sodium and either cefoxitin sodium or fluoroquinolone plus metronidazole for those with penicillin allergy). All patients underwent standard skin preparation with povidone-iodine.
PATIENT VARIABLES
Incisional SSI was identified by review of clinician notes, procedure notes, and laboratory data using the Centers for Disease Control and Prevention 6 definitions of superficial and deep SSI. Patient characteristics documented included age, sex, body mass index (calculated as weight in kilograms divided by height in meters squared), subcutaneous fat determined by 2 surgeons (M.K.L. and A.A.) as a single measurement (in centimeters) at the umbilicus using preoperative computed tomography within 3 months before surgery, race, diabetes mellitus, coronary artery disease, peripheral vascular disease, reason for ostomy formation, smoking, alcohol use disorder, previous surgical incision, hemoglobin A 1c (HbA 1c ), albumin, American Society of Anesthesiologists (ASA) score, and preoperative serum glucose level. Routine preoperative laboratory testing included complete metabolic panel, complete blood cell count, and blood type and screen. The preoperative albumin level was recorded within 3 months of surgery; the HgA 1c level was recorded within 6 months of surgery and was obtained at the discretion of the primary physician. Ostomy variables included end or loop ileostomy and end or loop colostomy, as well as the duration of the stoma.
Perioperative variables included the type of surgical procedure (open or trans-stomal/laparoscopic), presence of parastomal hernia and incisional hernia, mesh use, management of stoma and/or midline incision, core body temperature at the end of the intervention, and peak glycemic control at 24 hours. Management of the stoma and/or midline incision was classified into 3 groups: open (if the fascia was closed but the skin was left open), closed (if both the fascia and skin were closed), or loose (if the fascia was closed and the skin was closed loosely with interrupted staples or suture. No patients received delayed primary closure. The following standard perioperative glucose control regimen is used at our institution. All patients admitted to the intensive care unit with a blood glucose level higher than 145 mg/dL (to convert to millimoles per liter, multiply by 0.0555) receive insulin, with the dosage determined using a sliding scale and with the target glucose range 80 to 120 mg/ dL. If an adequate glucose level was not achieved within 8 hours, an insulin intravenous infusion was started with the same therapy goals. At the clinician's discretion, an insulin infusion may be started directly in patients with severe hyperglycemia. For patients with severe underlying glucose dysregulation who were admitted to the regular postoperative unit, an insulin sliding scale regimen was started to maintain blood glucose at less than 200 mg/dL. No changes had been made to these protocols during the study.
Postoperative variables (in-hospital) included the presence of SSI, type of treatment, microorganism identified, date of hospital discharge, presence of other medical and surgical complications, and death. Incisional SSI was identified by review of clinician notes, procedure notes, and laboratory data using the Centers for Disease Control and Prevention 6 definition of superficial and deep SSI. The presence of a seroma or hernia was identified by documentation in the clinician notes or radiographic evidence. For wounds that were left open or were opened at the bedside, time to wound healing was determined by review of the clinical notes to determine the first time that no wound was noted. Postdischarge variables included readmission because of an SSI, presence or absence of an SSI 30 days after the operation, or a deep SSI up to a year after the operation if mesh was used. Postoperative patient satisfaction and functional status assessments were obtained on clinical follow-up using a standardized quality-of-life follow-up questionnaire, addressing overall and cosmetic satisfaction, chronic pain scores, and functional status. Postoperative pain scores were obtained at late follow-up (Ն6 months after surgery), with the level of the worst pain experienced assessed on a 10-point Likerttype scale (1,least pain; 10,most pain). Overall satisfaction with the operation and satisfaction with the cosmetic results were recorded using a 10-point Likert-type scale (1,least satisfied; 10,most satisfied). Patient functional status was assessed using a series of 13 questions in accordance with the AAS Table 7 . 7 The AAS scores were reported on a 100-point scale (1,worst function; 100,best function).
Microbiologic data were obtained in all patients with SSI. Gram stains, culture results, and sensitivities were reviewed and categorized.
STATISTICAL ANALYSIS
Patient characteristics were assessed using an unpaired 2-tailed t test, 2 test, or Fisher exact test, depending on whether the variables were continuous or categorical. Ordinal variables, such as postoperative pain scores, were assessed using the MannWhitney test. The level for statistical significance was set at P=.05. Missing data were omitted from the descriptive analysis. Univariate logistic regression models were built to estimate the odds of SSI when considering the effect of each variable separately.
Multivariate logistic regression models were built to assess the effect of a given predictor on SSI while controlling for other predictors in the model. To identify the most significant predictors, a multivariate model including all variables at PϽ.20 from the initial assessment of patient characteristics were initially entered into the multivariate model and then reduced in a stepwise manner to identify the best fit according to the Akaike information criterion. Deterministic imputation was used to predict values for the missing data for logistic regression. Diagnostics of the multivariate logistic regression model were assessed, and validation was performed using a 10-fold crossvalidation. All statistical analyses were performed using the statistical software R, version 2.15.0 (Vienna University of Economics and Business).
RESULTS
PATIENT CHARACTERISTICS
A total of 128 patients were included: 46 patients (36.0%) had SSI and 82 patients (64.1%) had no SSI (Figure 1 ). 
OUTCOMES
Late follow-up data were available for 103 patients (no SSI, 63; SSI, 40). Ninety-seven of 128 patients (75.8%) had postoperative computed tomography imaging to confirm radiographic evidence of hernia. Surgical site infection was associated with seromas (P = .004), fascial dehiscence (P = .01), intensive care unit admission (P = .03), increased hospital length of stay (P = .02), hospital readmission (P = .01), delayed wound healing (P = .02), and reoperation (P = .01) ( Table 3) . There was a trend toward hernia formation in patients with SSI (stoma site, 23% vs 40%, P = .08; midline incision, 46% vs 67%, P = .13). Median (range) follow-up for the overall cohort was 31 (1-73) months.
Quality-of-life follow-up data were available for 68 of 128 patients (no SSI, 39; SSI, 29). Overall, there was no significant difference in patient satisfaction or functional status in late follow-up.
PREDICTORS OF SSI
On multivariate analysis, we found that patients with a history of fascial dehiscence, morbid obesity (measured by thicker subcutaneous fat), colostomy reversal, and white race had a significantly higher risk of developing an SSI (Table 4) . Thicker subcutaneous fat was defined as greater than 2.5 cm, measured at the umbilicus. Patients with no risk factors had a 0% risk of SSI; those with all 4 risk factors had a 100% risk of SSI.
MICROBIOLOGIC EVALUATION OF SSI
The SSIs of 45.6% of patients were not cultured (Figure 2) . Gram-positive bacteria grew in 72% of cultures; gram-negative bacteria grew in only 32% of cultures (eTable; http://www.jamasurg.com). Compared with historical controls of elective colorectal surgery, 8 stoma reversal surgery appears to have a substantially higher incidence of gram-positive organisms in SSI (eTable). The most common gram-positive organisms were Enterococcus species (33%), and methicillin-resistant Staphylococcus aureus (MRSA) (27%). The most common gramnegative organism was Pseudomonas (38%).
COMMENT
Overall, we found SSIs in 46 patients (35.9%), with an SSI rate of 23.2% at the stoma site and 37.5% at the midline incision. Our reported incidence of incisional SSI is on the higher spectrum of the studies reported in Table 5 . Likely, SSI in SR is underreported, since many of the stud- ies reported rates lower even than class I incisions. Historically, the incidence of SSI in SR has ranged widely, mostly resulting from differences in the definition of SSI and a variable follow-up period. 3 Recent studies 4,14 continue to show a wide range in incidence despite the fact that they used the currently accepted definitions for SSI. This variability may reflect the fact that different types of ostomies (eg, ileostomy, colostomy, loop, and end) are included and excluded in the studies and the different managements of surgical wound (eg, closure by secondary intention and primary closure) and different study protocols to capture events.
We also found that patient age and race affected the incidence of SSI. The incidence varied with race; specifically, black race was associated with a lower SSI risk. This is contrary to much of the current literature 21 that associates worse outcomes with black race in colorectal surgery. However, in those studies, race may be a surrogate for socioeconomic status and health care access rather than an inherent racial difference. 22 Because of similar access to medical care in the Veterans Affairs medical system, we believe that socioeconomic status is less likely to be a factor in our study. Surprisingly, ASA and smoking did not affect the rate of SSI. In other studies these factors did play a role. 23 Nearly all of our patients had significant comorbidities, including smoking, so ASA and smoking history may not have provided adequate stratification.
History of diabetes mellitus did not correlate with more SSI. However, we found that patients with SSI had elevated HbA 1c and elevated peak postoperative glucose levels. This suggests that the quality of blood glucose management was more important than the simple diagnosis of diabetes mellitus. Other studies 3, 4 corroborate that diabetes mellitus is rarely a predictor of poor outcome in colorectal surgery or in predicting SSI with abdominal surgery. However, some studies 11, 23 have suggested that elevated postoperative glucose and HbA 1c levels are associated with increased incidence of SSI. In our multivariate model, HbA 1c and perioperative blood glucose levels were no longer predictors; instead, obesity became the dominant factor demonstrating the interconnected relationship between obesity and blood glucose levels. Obesity measured by BMI and subcutaneous fat were associated with SSI. This is consistent with other studies 4,11 demonstrating a correlation of obesity with SSI. Interestingly, our study found that increased subcutaneous fat had a stronger association with SSI compared with BMI. Body mass index fails to describe the anthropomorphic difference in fat distribution that may affect different outcomes. Recent studies 24 have suggested that increased subcutaneous fat vs mesenteric fat may affect outcomes differently. Intuitively, it follows that increased subcutaneous fat would predict incisional SSI more than BMI would, since it directly measures the amount of fat at the site of potential infection. Of note, we tested multivariate models with and without subcutaneous fat; without the fat, BMI became a predictive factor.
Surgical history played an important role in SSI in our study. A history of an emergency operation at the time of stoma formation and a history of fascial dehiscence were associated with SSI on bivariate analysis. On multivariate analysis, patients with a history of fascial dehiscence were 17 times more likely to develop an SSI. Prior complications may be a marker for a higher-risk patient, may inherently increase complications, or may create a more complicated operation. Studies 4 have indicated that patients at increased risk for fascial dehiscence include those at high risk and those who are obese. Alternatively, fascial dehiscence may affect local colonization of the wound, leaving dormant bacteria at the future surgical site or it may affect the vascularity of the local wound, inhibiting the healing of future wounds.. 25 Another possibility may be that fascial dehiscence results in a more complicated operation with an incisional hernia (or a repaired incisional hernia/fascial dehiscence).
The type of stoma created and the surgical approach affected the incidence of SSI on bivariate analysis. An end colostomy takedown was most likely to become infected. This may be because the colon, particularly the descending colon, tends to harbor a higher bacterial count and be associated with increased risk of SSI.
11 Additionally, reversal of end colostomies requires an open takedown; loop stomas may be reversed in a trans-stomal fashion. We found that open SRs are also more likely to develop SSI compared with trans-stomal reversals. This may be because of a longer incision, multiple incisions, more complicated surgery, or more colostomy reversals. According to the multivariate model, only colostomy reversal, as opposed to an end/loop ostomy or an open/trans-stomal reversal, was associated with SSI. Colostomy reversal was associated with a 5-fold increase of SSI compared with ileostomy reversal.
Patients who had a concurrent incisional hernia-in particular, those who had mesh placed-were at increased risk for SSI. Concomitant incisional hernia repair is associated with additional dissection, increased length of surgery, and placement of foreign material and has been demonstrated to increase the risk of SSI. 26 Surprisingly, SSI in SR did not affect hernia formation in our study. Multiple other studies 26 have demonstrated that SSI is an independent predictor of fascial dehiscence and incisional hernia formation. Although our study is one of the largest evaluating SSI in SR, an even larger sample size would likely demonstrate an association between SSI and incisional hernia formation. Our microbiologic findings suggest that grampositive organisms play a significant role in incisional SSI, representing more than 70% of the bacteria cultured. Compared with other studies 8 evaluating elective colorectal surgery, we noted more organisms that were resistant to our prophylactic antibiotics, more grampositive organisms (in particular, Enterococcus species and MRSA) and Pseudomonas. Stoma reversal is an inherently different procedure than colorectal surgery because the skin and bowel colonization may be dramatically different. Ertapenem is the preferred preoperative antibiotic of choice in elective colorectal surgery, 8 and anecdotal evidence indicates that many surgeons have extrapolated these data to include SR. However, this may not be appropriate, since ertapenem is not effective against Pseudomonas, MRSA, Acinetobacter, or ampicillinresistant Enterococcus.
Surgical site infection did not affect patient satisfaction on follow-up at least 6 months postoperatively. This may result from the interval between the clinical follow-up and the SSI, with possible recall bias. Alternatively, the factors associated with recovery from an SR are so complicated that SSI alone did not affect patient satisfaction. In addition, patient satisfaction primarily may be driven by relief of the ostomy bag, such that other factors are deemed insignificant from the patient's perspective.
This study provides information to help guide future studies to decrease SSI. Targets of future interventions may be improving perioperative glucose control, implementing weight loss programs prior to SR, or declining to perform SR in the morbidly obese patient. Changing technical aspects of the operation at the time of ostomy formation and at reversal may play a role as well. For example, minimally invasive surgery and preferential use of diverting loop ileostomy at the initial stoma formation may decrease the incidence of SSI. Additionally, laparoscopic stoma reversal may help decrease the incidence of SSI. 19 Interval hernia repair as opposed to concomitant incisional hernia repair with stoma takedown may be warranted. Our data demonstrated no effect on SSI with skin closure; however, other studies 4 have suggested that the technique used to close incisions may affect the incidence of SSI. Closure by secondary intention, delayed primary closure, loose primary closure, or circular closure may play a role. Finally, because SR appears to encounter more Enterococcus species, MRSA, and Pseudomonas, broadening the coverage of prophylactic antibiotics to cover these organisms may decrease SSI.
Our study has multiple limitations. The retrospective design is associated with selection biases, surgeon preference, and other unseen biases. However, there is a role for retrospective studies to establish baseline observations, without interventions, to help guide future prospective studies. This study was conducted in a highrisk tertiary-referral Veterans Affairs medical center. Our patients were largely ASA class III and IV; none was ASA class I. Nearly all our patients were male and almost half were smokers with multiple comorbidities. The applicability of these study results to other patient populations must be approached with caution.
The true rate of SSI in SR is probably higher than what is commonly reported. In future studies of SSI, the location criteria, definition of SSI, and time of follow-up should be standardized. Factors associated with SSI in SR are multiple and have a complicated relationship. Past surgical complication, type of ostomy, obesity, and patient demographics may all play a role in incisional SSI. Future studies evaluating preventive measures are warranted. 9 
